Abstract: Reaction of aromatic/heterocyclic sulfonamides containing a free amino group with triflic anhydride afforded compounds possessing trifluoromethanesulfonamido moieties in their molecule. The Zn(II) and Cu(II) complexes of these new sulfonamides were prepared and characterized by standard procedures (elemental analysis, spectroscopic, magnetic, thermogravimetric and conductimetric measurements). The new derivatives showed good inhibitory activity against three isozymes of carbonic anhydrase (CA), i.e., CA I, II and IV.
Introduction
Sulfonamides possessing carbonic anhydrase (CA, EC 4.2.1.1) inhibitory properties such as acetazolamide 1 and some other thiadiazole-sulfonamides (benzolamide 2, chlorzolamide3), methazolamide 4, or trifluoromethazolamide 5, together with compounds containing other ring systems" were used for the last 40 years in the treatment or prevention of glaucoma, 3"4 gastro-duodenal ulcers, mountain sickness and other conditions associated with acid-base disequilibria. Recently, Maren and Conroy discovered that polyhalogenated aliphatic sulfonamides such as trifluoromethanesulfonamide 6 and its congeners behave as extremely potent CA inhibitors against many 07f the eight CA isozymes presently isolated in higher vertebrates. This was an extremely important discovery, since previously it was universally accepted that only aromatic and heterocyclic sulfonamides possessing the general formula RSO2NH2 act as inhibitors of this enzyme, 24'9 with the aliphatic derivatives considered to be inactive. Then, a large series of aliphatic sulfonamides with potent CA inhibitory properties was reported by a group from Merck, Sharp and Dohme. l The X-ray crystal structure of the adduct of 6 with human CA II has also been reported, l this small sulfonamide binding directly to the zinc ion within the enzyme active site, as anion ( Fig. 1) , similarly to the aromatic and heterocyclic derivatives, for which X-ray crystallographic studies have been reported previously. 24 Practically the structures of the adducts of human CA II with acetazolamide 1, t2 methazolamide 4,13 and the 4-amino-derivative of 2, aminobenzolamide, 4 have been reported in the last years. These studies are of considerable interest for the design of more potent and selective (isozyme-specific) CA inhibitors.2.6. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Fluoro-containing sulfonamides possessing CA inhibitory activity are of historical and practical importance, as the first compound for which topical antiglaucoma activity has been detected was trifluoromethazolamide - 5 . This compound could not be developed as a drug because of its chemical instability, as it hydrolyzes spontaneously in aqueous medium with a half life of 15 min. at the physiological pH. 5 However, trifluoromethazolamide remains an important lead molecule, as it demonstrated that sulfonamides possessing CA inhibitory activity may be administered topically as antiglaucoma agents, with a very good therapeutic effect, and without side effects. 4'' Recently, it was also reported 68 that metal complexes of heterocyclic sulfonamides such as 1-4 behave as even stronger CA inhibitors as compared to the ligands from which they derive. A large number of such complexes has been prepared, containing diverse main group and transition metal ions, and assayed as inhibitors of three CA isozymes CA I, II and IV, in the search for isozyme-specific inhibitors.
Vol. 4 General procedure for the preparation of compounds 9 An amount of 11.6 mmol of sulfonamide 8a-e was suspended/dissolved in 50 mL of acetone. This mixture was magnetically stirred at 4C for 30 min., then mL (5.8 mmol) of triflic anhydride was added dropwise and the solution was stirred at 4C overnight (when the same experimental procedure was utilized, but working at room temperature, the yield in trifluoromethylsulfonamides 9 was drastically reduced, and a large amount of resin was formed). Practically working at this molar ratio, the triflic acid 10 formed in the reaction is neutralized by the excess amino-sulfonamide. The solvent was evaporated then in vacuum and the brownish reaction mixture was taken up in 10 mL of cold water, when the triflates of amines 8a-e being soluble, (in contrast to trifluoromethanesulfonamides 9a-e) are easily separated from the desired products 9. These were then recrystallized from acetone-water (9:1, v/v). Yields were in the range of 25-47 %. Of the five prepared compounds, four are new, whereas 9e was previously reported by us, being synthesized by a variant of the above mentioned procedure. C3H3N4F304S3 requires: C, 11.5; H, 0.9; N, 17.9 %.
Results and Discussion Reaction of triflic anhydride 7 with amino-sulfonamides 8a-e in cold acetone, in a molar ratio of 1"2 led to the trifluoromethylsulfonylamido-containing sulfonamides 9a-e and triflic acid 10, which was neutralized by the excess amino-sulfonamide used in the synthesis (Scheme 1).
(CF3SO2)20 + H2N(CH2)nASO2NH 2 CF3SO2NH(CH2)nASO2NH2"I-CF3SO3H Table II .
In the IR spectra of the complexes 11-20, the following features were evidenced: (i) the shift of the sulfonamido vibrations (the first symme,trical one, attributed |9"28 to the SO2NH moiety, as well as the antisymmetrical vibration) with 10-28 cm" towards lower wavenumbers as compared to the corresponding vibrations from the IR spectra of sulfonamides 9a-e, proving the involvement of these moieties in the 16 18 interaction with the metal ions;
(ii) the lack of the v(NH)vibrations from 3280 cm in the IR spectra of sulfonamides 9a-e, whereas the vibrations around 3400 cm are present both in the spectra of the original sulfonamides as well as those of the metal complexes (data not shown); (iii) the appearance of broad v(OH) bands due to the presence of coordinated water molecules, over 3400 cm (the only exception is constituted by the derivative 15, which does not contain water); (iv) for the thiadiazole derivatives 15 and 20, the C=N vibrations, appearing at 1620 cm t in the spectrum of 9e, are shifted to 1600 cm in the spectra of the complexes; (v) the presence of v(M-N) and/or v(M-O) bands in the region 200-400 cm" of the spectra, for complexes [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , vibrations not present in the spectra of the ligands (data not shown).
In the H-NMR spectra of complexes 11-20, the signals of the SO2NH proton is absent, whereas those of the SO2NH2 protons (for the diamagnetic Zn(II) derivatives [11] [12] [13] [14] [15] Solution electronic spectra of the complexes were quite similar to the corresponding spectra of the monosodium salts of sulfonamides 9a-e (data not shown), proving the presence of the deprotonated sulfonamido moieties in their molecule. As the SO2NH group is more acidic than the SO2NH2 one in derivatives 9a-e, 9 it is obvious that in the presence of one equivalent of base it is the first one to be deprotonated, and as seen from the IR and H-NMR data presented above, this is the moiety interacting primarily with the metal ions in the prepared complexes. All the prepared complexes 11-20 had a non-elec.tlrolyt 2 behavior in DMF and DMSO solutions, with molar conductivities at 25 C in the range of 2.5 5.0" cm mol" (data not shown).
From the above data it can be concluded that compounds 9a-d probably act as monodentate ligands when deprotonated, by means of the secondary sulfonamido moiety (SONH), whereas in the case of the thiadiazole-sulfonamide 9e, in addition to the above mentioned group, some endocyclic heteroatoms (such as N-2 or N-3) probably participate to coordination. The metal ions possess a tetrahedral geometry in the Zn(II) derivatives 11-15, and an octahedral one for the Cu(II) derivatives 16-20, with water molecules occupying the remaining coordination positions. Proposed structures for the prepared complexes are shown below. Some ambiguity remains regarding the structure of the thiadiazole-sulfonamide containing complexes 15 and 20. 24 This trend is also observed for the compounds reported in this study. More than that, the aromatic derivatives 9a.d (and their metal complexes) were less active than the heterocyclic derivative 9e (and its metal complexes). The most inactive inhibitor was the 3-amino-benzenesulfonamide derivative 9b, whereas para-substituted compounds had better inhibitory properties. For these last derivatives, inhibitory efficiency increased with n, from the sulfanilamide derivative 9a to the aminoethyl one (n=2) 9d, a trend which was also conserved for the corresponding metal complexes, for all three CA isozymes. The copper complexes were more active than the corresponding zinc derivatives, which in turn were more inhibitory than the sulfonamides from which they were prepared. This can be correlated with the inhibitory effect of the metal ions contained in these compounds, as it was shown by us that they bind to the histidine cluster at the entrance of the CA II active site, 3] or to histidine residues situated in a solvent-exposed region for the other isozymes. 32 Although the sulfonamides 9a-e are weaker inhibitors than acetazolamide, already derivatives 9d and 9e as well as some of their metal complexes (14, 15, 19, 20) show strong affinities for all the investigated CA isozymes.
As mentioned in the introductory section, a major drawback of the previously reported s fluorocontaining sulfonamides was their chemical instability. Thus, trifluoromethazolamide 5 spontaneously hydrolyzes in aqueous medium to 4-methyl-5-imino-2-sulfonamido-52-1,3,4-thiadiazoline and trifluoro-acetate, with a half-life of 15 More than that, the CA inhibitory potency of these solutions remained constant in time, proving again that hydrolysis does not occur. Thus, the compounds reported by us here have an important advantage over trifluoromethazolamide: in addition of being very strong CA inhibitors, they are chemically stable compounds.
